TECHNICAL NOTE:
CHARACTERISTICS AND SORTING OF WHITE FOOD
CORN CONTAMINATED WITH MYCOTOXINS
T. C. Pearson, D. T. Wicklow, D. L Brabec
ABSTRACT. White corn grown in southern Texas was collected for characterization and evaluation of the feasibility of sorting
kernels containing mycotoxins. Kernels were grouped into one of six symptom categories depending on the degree of visible
discoloration and bright green‐yellow fluorescence (BGYF) or bright orange fluorescence (BOF). Kernels visibly discolored
(w25% of their surface) and having BGYF contained over 57% of the aflatoxin. However, kernels approximately 50%
discolored without BGYF contained over 35% of the aflatoxin. Over 33% of the fumonisin was found in kernels that were
visibly discolored and had BOF. The remaining fumonisin was in asymptomatic kernels at low levels. Sorting tests for
removing mycotoxin‐contaminated kernels were performed using a dual wavelength high‐speed commercial sorter. In one
pass through the sorter, aflatoxin was reduced by an average of 46%, and fumonisin was reduced by 57% while removing 4%
to 9% of the corn. Re‐sorting accepted kernels a second time resulted in an 88% reduction in aflatoxin while removing
approximately 13% of the corn. Approximately half of the aflatoxin missed by the optical sorter was found in larger kernels
showing BGYF but no other symptoms, with the remaining aflatoxin in smaller kernels where the germ was damaged by insect
feeding.
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T

he last line of defense to eliminate grain
contaminated with mycotoxins is post‐harvest
cleaning and sorting. However, standard
post‐harvest cleaning operations (aspiration,
gravity table separation, grain scouring, and wet cleaning)
have not been shown to be entirely effective for separating
mycotoxin‐contaminated corn (Zea mays) (Brekke et al.,
1975; Murphy et al., 1993). Furthermore, most commercial
sorting machines are able to measure only one spectral band
of light, which may not be sufficient to differentiate
contaminated from un‐contaminated corn. Newer optical
sorting machines can measure reflectance over two different
spectral bands and use these as a basis for sorting. Setting up
a dual‐band sorting machine with the proper filter pair can be
problematic. Procedures have been developed to analyze
whole visible and near infrared spectra to select optimal
filters to distinguish products using commercial sorting
machines (Pearson et al., 2004; Haff and Pearson, 2006).
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Using this procedure, it was found that aflatoxin and
fumonisin in yellow corn could be reduced by 81% and 85%,
respectively, by optically sorting the corn using filters
centered at 750 and 1200 nm (Pearson et al., 2004; Haff and
Pearson, 2006). Only one pass through the sorter was
required, and only about 5% of the corn was rejected to
achieve these levels of mycotoxin reduction. It is
hypothesized that a similar procedure developed by Pearson
et al. (2004) for sorting yellow corn could be applied to
removing aflatoxin and fumonisin from white corn produced
by commercial hybrids exposed to late‐season drought stress
in southern Texas.
White food corn hybrids produced in the United States are
dent corn kernels with a white kernel color and containing
high amounts of vitreous endosperm relative to the amount
of floury endosperm. White corn is deficient in vitamin A, but
it is equivalent to yellow food corn in all other nutritional
qualities and is used primarily for making masa, tortilla
chips, snack foods, and grits (U.S. Grains Council, 2006). No
commercial white or yellow corn hybrid is able to escape
mycotoxin contamination when grown in environments
conducive to outbreaks of aflatoxin or fumonisin. However,
on average, yellow corn hybrids were more susceptible to
aflatoxin than white corn hybrids grown in South and Central
Texas (Betran et al., 2002).
The goal of this study was twofold. The first goal was to
investigate and report the visual, spectral, and physical
characteristics of white corn contaminated with mycotoxins.
The second goal was to test several sorting schemes for
removing kernels contaminated with mycotoxins and to
establish the characteristics of those contaminated kernels
that are not readily removed.
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MATERIALS AND METHODS
Samples used for the study were obtained from grain lots
harvested in 2006 from commercial fields in southern Texas.
Three samples (named P‐2, P‐3, P‐5), each weighing
approximately 70 kg, were collected from different trucks
delivering corn from different fields to a grain storage
facility. Initial tests for aflatoxin showed that these three
samples ranged from 31‐ to 113‐ppb aflatoxin and 0.4‐ to
2.1‐ppm fumonisin.
VISUAL AND SPECTRAL CHARACTERISTICS OF MYCOTOXIN
CONTAMINATED WHITE CORN
Visible and near infrared reflectance spectra (VIS‐NIR)
between 500 and 1700 nm were analyzed to determine if they
could be used to identify single whole kernels contaminated
with aflatoxin and fumonisin. From a 10‐kg sub‐sample of
the P‐2 material, 385 kernels were picked out and assigned
to one of six symptom categories: asymptomatic
(130 kernels); approximately 25% discolored (35);
approximately 50% discolored (65); more than 75%
discolored (75); discolored more than 25% with bright
greenish yellow fluorescence (BGYF) (35); discolored more
than 25% with bright orange fluorescence (BOF) (45). All of
the five defect categories comprised all the kernels with these
symptoms found in the 10‐kg sub‐sample. The only kernels
that remained in the 10‐kg sub‐sample were asymptomatic
kernels, of which 130 were picked out. The BGYF and BOF
fluorescence was produced under ultraviolet light (365 nm).
Penicillium rubrum NRRL 58011, isolated from extensively
discolored BOF kernels that were also infested with
Fusarium verticillioides and contaminated with fumonisins,
is presumed to be the source of fungal metabolite(s)
contributing to this fluorescence.
Insect‐damaged kernels, larger broken kernel pieces, and
kernel fragments that can pass through a grain‐grading 12/64
sieve were not included in this portion of the study, but they
were included in the subsequent sorting tests. The rationale
for excluding such kernels was that many of these kernels
would be eliminated by standard mechanical cleaning
equipment. Visible and near‐infrared spectra (500‐1700 nm)
were acquired on both the germ side and endosperm side of
each kernel using a Perten DA7000 spectrometer per the
procedure in Pearson et al 2004. After spectra acquisition,
kernels of like symptoms were analyzed for mycotoxins in
groups of five. Aflatoxin B1 or total fumonisins (B1, B2, and
B3) were measured with a fluorometer after extracts were
purified with immunoaffinity columns (Aflatest or
Fumonitest, Vicam, Watertown, Mass.). All kernels showing
BGYF were analyzed for aflatoxin, and kernels showing
BOF were analyzed for fumonisin. The average aflatoxin or
fumonisin level of each five‐kernel group was then assigned
to each individual kernel from that group. Kernels were
analyzed for mycotoxins in groups, instead of individually,
to reduce cost and analysis time. After mycotoxin analysis,
a method based on discriminate analysis (Haff and Pearson,
2006) was used to select the optimal pair of optical filters to
distinguish kernels containing high levels (>100 ppb) of
aflatoxin from those with low levels (<10 ppb). These two
classes based on aflatoxin levels were found to be the most
effective for separating aflatoxin in yellow corn (Pearson
et al., 2001). Additionally, preliminary analysis of the
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spectral data showed that kernels having less than 10‐ppb
aflatoxin nearly overlapped with asymptomatic kernels.
OPTICAL SORTING EXPERIMENTS
A commercial sorting machine (Satake DE, Stafford,
Tex.) was set up to sort corn using the selected pair of filters
from the VIS‐NIR spectra and set to reject a low amount
(4%), a medium amount (6.5%), or a high amount (9%) of the
incoming corn. Five separate 10‐kg samples of corn were
used for each sample/rejection rate experiment. A second
medium reject level sorting test on the accepted kernels from
the first medium reject threshold sort was then performed.
This technique resulted in a 12% to 13% combined reject
level.
The accepted kernel portions from each sorting trial
weighed over 9 kg, but only 2.5 kg was tested for mycotoxins.
The 2.5‐kg sample was divided into five 500‐g samples. Each
500‐g portion was ground using a Stein mill (Steinlite,
Atchison, Kans.) and mixed well, and then 50 g was analyzed
for aflatoxin and 50 g for fumonisin. The aflatoxin and
fumonisin levels reported are the average of the five 500‐g
sub‐samples. The reject portions from these sorting trials did
not exceed 1000 g and were entirely ground and tested.
SORTING BY SIZE
A combination of optical sorting at the medium reject
level and kernel sizing was tested as well. Accepted kernels
from the 6% optical sort reject rate of samples P‐2 and P‐5
were separated into three size divisions using a Carter‐Day
Laboratory Seed Sizer (Minneapolis, Minn.) equipped with
20/64‐ or 22/64‐in. perforated holes. The samples were
tumbled for 5 min. Aflatoxin analysis was performed on the
resulting three groups for each sample.
POST‐SORTING INSPECTION
Kernels that were optically sorted twice and accepted
twice were inspected under a black‐light for BGYF kernels.
The BGYF kernels were picked out with tweezers from two
800‐g sub‐samples of P‐3 and P‐5 samples in order to
characterize and determine aflatoxin levels in kernels that
exhibit BGYF but were not rejected by the sorter in two
passes.

RESULTS
VISUAL CHARACTERISTICS OF MYCOTOXIN CONTAMINATED
WHITE CORN
Table 1 displays the aflatoxin levels found among the five
symptomatic categories. The asymptomatic kernels
averaged 6 ppb of aflatoxin, resulting in 5.2% of the total
aflatoxin found in the 10‐kg sample. Over 57% of the
aflatoxin was found in intact discolored (>25% of surface)
kernels exhibiting BGYF, while over 35% of the aflatoxin
was present in intact discolored ([50% of surface) kernels
that did not glow BGYF. Included in this latter category were
five kernels with the highest aflatoxin concentration,
212,100 ppb. This illustrates that high levels of aflatoxin can
be present in white corn kernels without extensive symptoms
of kernel discoloration.
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Table 1. Distribution of aflatoxin (ppb) within each
kernel symptom category analyzed.
Average
(ppb)

Range
(ppb)

Std Dev Percent
(ppb) of total

Symptom Category

n

Asymptomatic

15

6

1.4‐17

4

5.2

Discolored (≈25%)
Discolored (≈50%)
Discolored (≈75%)

2
9
10

145
27670
1734

52‐239
17‐212100
15‐10650

132
69845
3532

<0.1
35.4
2.2

Discolored (>25) BGYF

7

63759

1922‐153720 48413

57.2

Fumonisin levels in three symptom categories are shown
in table 2. The asymptomatic samples averaged 0.1 ppm,
while extensively discolored kernels that also exhibited BOF
contained fumonisin levels ranging from 21 to 80 ppm.
Kernels exhibiting minor discolorations had fumonisin levels
of 1.4 ppm or less. Over 66% of the total fumonisin in the
10‐kg sample was found in low levels in asymptomatic
kernels. The highest recorded level in the asymptomatic
kernels was 1.3 ppm, indicating that fumonisin at low
concentrations was present in many kernels. Over 33% of the
fumonisin was found in kernels that are 50% to 75%
discolored and glowed with BOF. Kernels with [25%
endosperm discoloration did not glow BOF and had less than
1% of the total fumonisin.
SPECTRAL CHARACTERISTICS OF CONTAMINATED KERNELS
From analysis of the spectra on individual kernels, it was
found that a pair of optical filters centered at 500 and
1200 nm could discriminate approximately 87% and 93% of
kernels having high levels of aflatoxin (>100 ppb) and high
levels of fumonisin (>40 ppm), respectively, from kernels
having low levels of aflatoxin (<10 ppb) or fumonisin
(<2 ppm). Additionally, approximately 96% of the kernels
having low levels of aflatoxin and fumonisin were correctly
classified as uncontaminated. However, 20% of the kernels
having minor symptoms (25% to 50% discolored) were
classified into the uncontaminated group. Similarly,
approximately 80% of the kernels having moderate levels of
afaltoxin (10 to 100 ppb) and fumonisin (2 to 40 ppm) were
classified into the uncontaminated group. These results
suggest that optical sorting could remove a substantial
amount of the aflatoxin, but not all of it, especially when
mycotoxin contamination occurs in many kernels at low to
moderate levels. In yellow corn, it has been found that most
mycotoxin contaminations are from a few kernels having
high mycotoxin levels rather than many kernels with low to
moderate levels of contamination (Odvody et al., 1997;
Dowell et al., 2002). However, the data for these samples of
white corn suggest that a substantial amount of mycotoxins
are coming from kernels having a low to moderate amount of
contamination.

Symptom Category

n

Asymptomatic
Discolored (≈25%)
Discolored (≈50‐75%) BOF[a]

11
5
9

0.1
0.6
38

[a]

Range
(ppm)
ND‐1.3
0.14‐1.4
20.8‐81

Bright orange fluorescent kernels infested with both Fusarium
verticillioides and Penicillium rubrum.
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Sample (initial aflatoxin, ppb)
Reject Level

P‐2 (53)

P‐3 (31)

P‐5 (113)

4%
6%
9%

24%
31%
19%

64%
35%
44%

47%
75%
68%

Avg
Std

25%
6%

48%
14%

64%
15%

Avg.

Std

45% 20%
47% 24%
44% 25%

Sample (initial fumonisn, ppm)

Std dev Percent
(ppm) of total
0.4
0.5
18.8

Table 3. Reductions in aflatoxin levels for single‐pass optical sorting
of white corn harvested in southwestern Texas in 2006.

Table 4. Reduction in fumonisin level for single‐pass optical sorting
of white corn harvested in southwestern Texas in 2006.

Table 2. Distribution of fumonisin (ppm) within
each kernel symptom category analyzed.
Average
(ppm)

OPTICAL SORTING EXPERIMENTS
Tables 3 and 4 display the reductions in aflatoxin and
fumonisin for all samples and reject levels studied. After one
pass through the optical sorter, average reductions in
aflatoxin and fumonisin for all three reject levels and all three
samples studied were 45% and 58%, respectively. The
rejection level did not appear to have any effect on reductions
in aflatoxin, as the range of percent reduction was only 3%
for the three reject levels. This was not true for fumonisin,
where the highest reject level (9%) reduced fumonisin more
than the low and medium levels (avg 72%). Samples P‐2 and
P‐3 had low initial levels of fumonisin (0.6 and 0.4 ppm,
respectively), while sample P‐5 had a higher level at 2.1 ppm.
At the high reject level, sample P‐5 had substantially higher
reductions in fumonisin, 96%, versus 60% for samples P‐2
and P‐3. This could be because sample P‐5 had more
discolored kernels that the sorter could identify. Sample
source had more effect on the percent reduction in aflatoxin.
Sample P‐2 had an average of 25% reduction in aflatoxin,
while sample P‐5 had an average reduction of 64%. It is
unknown if this is related to differences among hybrids or an
environmental effect.
Two passes through the sorter at the medium reject level
reduced aflatoxin in all samples by an average of 88%, to an
average of 12 ppb while rejecting a combined total of 13% of
the initial product in the two sorts. Additionally, all samples
that were sorted twice had aflatoxin below 20 ppb. As
discussed in more detail later, it was found that some kernels
in the accept stream showing only minor discolorations were
found to have high levels of aflatoxin. Kernel orientation in
the sorter is a source of error in sorting that can be corrected
by multiple passes through the sorter. As can be seen in
figure 1, most kernels are presented to the sensors in the
sorter with the germ facing upward or downward. Since the
sorter has sensors above and below the kernels, it does not
matter if the germ faces up or down. Of the kernels shown in
figure 1, the sorter sensors would “see” the side shown as well
as the opposite side of these kernels. Also shown in figure 1,
some kernels are presented on their side or end as they pass
by the sorter sensors. Kernels with minor discolorations,

66.5
0.3
33.2

Reject Level

P‐2 (0.6)

P‐3 (0.4)

P‐5 (2.1)

4%
6%
9%

49%
51%
60%

61%
29%
61%

49%
63%
96%

Avg
Std

53%
6%

50%
19%

69%
24%

Avg.

Std

53% 7%
48% 18%
72% 21%
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Table 5. Distribution of aflatoxin among kernel size fractions
of the accepted grain following optical sorting.
Kernel
Size
Large
Medium
Small

Sample P‐3 (17 ppb)

Sample P‐5 (24 ppb)

Weight
(%)

Aflatoxin
(ppb)

Weight
(%)

Aflatoxin
(ppb)

10
35
55

33
12
18

15
40
44

58
23
13

SIZING EXPERIMENTS
The large‐sized kernels contained higher concentrations
of aflatoxin than the medium‐ and small‐sized kernels
(table 5). Additionally, these kernels had no visible
discolorations that indicated aflatoxin contamination. Larger
kernels were more vulnerable to stress cracks (silk cut) than
smaller kernels during late season drought stress conditions
in southern Texas (Odvody et al., 1997). In the present study,
the larger kernels may have developed tears in the seed coat,
making them more susceptible to fungal infection (Smart
et al., 1990). If the large fractions were separated after optical
sorting, then the combination of the medium and small
fractions would have aflatoxin concentrations of 16 and
18 ppb for samples P‐3 and P‐5, respectively. The process of
optically sorting followed by sizing to remove the larger
kernels would result in approximately 15% to 20% of the
incoming kernels being removed. Slightly better mycotoxin
reduction with a lower percentage of corn rejected can
probably be made by optically sorting the corn in two passes.
Furthermore, large kernels are preferred by millers for their
large proportion of endosperm.
Figure 1. Kernel orientation in optical sorter chute channels at feed rate
used in this study. Note that kernel orientation is fairly random, although
there is some tendency for the kernels to lie flat on the chute.

limited to the germ region may not be detected by the sorter
unless their germ is facing upward or downward. Running the
kernels through the sorter two times helps reduce errors based
on kernel orientation.
In an earlier sorting experiment with commercially
harvested yellow corn that was contaminated with equivalent
levels of aflatoxin (average 75ppb), aflatoxin was reduced
below 20 ppb with a single pass through the same sorting
machine (Pearson et al., 2004). Differences in pericarp
thickness, kernel vitreosity (hardness), and the presence or
absence of carotenoids could influence both kernel symptom
expression and the ability of NIR light to detect fungal
damaged endosperm. With the white corn being harder than
yellow corn, there appeared to be less fungal damage to the
endosperm mycotoxin contaminated white corn. NIR light
was found useful for detecting and sorting fungal infected
yellow corn due to endosperm damage and NIR light was
found effective for identifying white corn infected by fungi
using a laboratory spectrometer with the kernels well
oriented and stationary. However, symptoms of the
endosperm appear to be more slight in mycotoxin
contaminated white corn than yellow corn, and as such, more
difficult to sort. Presumably, this is due to the white corn
endosperm being harder than that of yellow corn, which
results in less fungal infection of the endosperm.

PICKOUTS AFTER SORTING
Insect‐damaged BGYF kernels, handpicked from corn
that was accepted twice by the optical sorter, showed little or
no discoloration under visible white light (fig. 2). The germ
region of most of these kernels was entirely consumed by
larvae of the southwestern corn borer (Diatraea
grandiosella) or the corn earworm (Helicoverpa zea), the two
most common corn insect pests in the region (Betran and
Isakeit, 2004). The endosperm of these kernels appeared
vitreous with no visible signs of Aspergillus flavus
infestation. The BGYF portion of these kernels was mainly
limited to the cavity created by the vacant germ with little or
no BGYF appearing on the pericarp. As such, these kernels
cannot be readily removed by sorting machines using a black
light and detecting BGYF since the fluorescence is
essentially at the bottom of a hole created by insect feeding.
If the kernel is properly oriented then a machine might be able
to detect the BGYF in the cavity. However, photoelectric
sensors very sensitive at this area of the spectrum which

Figure 2. Insect‐damaged BGYF white corn kernels (2.8 g) recovered
from 1.6 kg of twice sorted accepts.
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further complicates detection of BGYF. Since the kernels
were not visibly molded or discolored and the endosperm
remained vitreous, it is not surprising that these kernels were
not detected by visible or infrared light. In yellow corn,
infrared reflectance is useful for detecting kernels where
fungi had infected the endosperm, making it porous and,
therefore, reflecting more NIR light. However, this was not
the case for these high‐density white kernels. Although these
kernels were smaller in size, due to larval feeding, they were
not small enough for most of them to pass through the
20/42‐in. screen used in the sizing experiments. The
appearance of these kernels suggests that pre‐harvest A.
flavus infestation was centered in the germ area and did not
entirely infest the endosperm. It could be that aflatoxin and
kojic acid diffused into the endosperm as shown in sectioned
corn kernels where the fluorescence outlines the germ
(Hesseltine and Shotwell, 1973). Aflatoxin analysis showed
that these BGYF kernels averaged 4800‐ppb aflatoxin. A
total of 2.8 g of BGYF kernels were removed from a 1.6‐kg
sub‐sample of accepts, so they contributed 8 ppb (or about
half) of aflatoxin found in the accepted kernels. Attempts to
remove these kernels by aspiration, a gravity table, and
optical sorting using UV light were not successful (data not
shown). Most of these kernels can be distinguished from
whole kernels by imaging (data not shown), and future
research will be performed to develop a method to remove
these types of kernels with image‐based sorting machines.

CONCLUSION
White corn kernels having both BGYF and visible
discolorations over at least 50% of the kernel surface
comprise about 57% of the aflatoxin found in the samples
collected. However, 35% of aflatoxin is found in kernels
having minor visible discolorations and no BGYF. Nearly all
fumonisin is found in kernels exhibiting BOF and visible
discolorations. When kernels are stationary and spectra are
acquired in a laboratory environment, the wavelength pair at
500 and 1200 nm could identify approximately 87% and 93%
of the kernels having high levels of aflatoxin and fumonisin,
respectively. However, kernels with minor discolorations
compose a substantial proportion of the total aflatoxin in
these samples, making sorting for aflatoxin difficult. As such,
two passes through the sorter were required to reduce
aflatoxin levels below the regulatory level of 20 ppb.
Approximately half of the alflatoxin missed by the optical
sorter is found in larger kernels showing BGYF but no other
symptoms, with the remaining aflatoxin detected in smaller
kernels damaged from insect feeding, many without germs.
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